Primary human urinary cells support growth and plaque formation by papovavirus BK, permitting plaque purification of the virus. After plaquing, the virus forms uniform plaques and its DNA has a homogeneous restriction enzyme fragment profile. Support of BK replication as well as morphological and cultural characteristics suggest an epithelial origin for the cells.
BK virus was first isolated from the urine of a renal allograft recipient (Gardner et al. 1970 and the human urinary tract remains the most consistent site of BK virus detection. In immunosuppressed patients, BK can be found in the urinary epithelium by electron microscopy as well as free in the urine; independent isolates have yielded similar particles (Gardner et al. 1971 ; Dougherty & DiStefano, I974; Jung et al. t975; Reese et al. I975) . Despite widespread prevalence of neutralizing antibodies in human serum (Gardner, I973; Mantyjarvi et al. 1973; Shah et al. I973; Portolani et al. I974) , no clear evidence for BK human pathogenicity has been found.
BK propagation has been difficult. Although it grows slowly in African green monkey kidney cells, cytopathic effects are not prominent and the titre is low. Hence, monkey cells do not support plaque formation. While human embryonic kidney cells can support virus growth and plaque development, such lines are rather difficult to isolate and have limited culture lifespan. The recent development of reliable techniques for the culture of cells from newborn infant urine and the characterization of such cells as epithelial by surface features and keratin production (Felix et al. I98O ) encouraged a study of their susceptibility to BK virus. We report here that such cultures frequently can support BK plaque formation which is useful for plaque purification. This occurs in contrast to infecting human embryonic kidney cells with BK which can lead to some features of transformation (Purchio & Fareed, I979) . Fig. l (a) shows plaques formed on human urinary cells by the initial BK virus stock; there is much variation in size. Optimal cell monolayer and plaque formation occurred on incubation at 37 °C with MEM-5 in the agar overlay. Higher FCS concentrations and incubation at 31 or 4I °C gave reduced plaque formation and/or loss of the monolayer by the end of the assay period. Since plaques continued to appear several days after neutral red addition, readings were made after 7 days (3 weeks after virus exposure).
Not all of the lines of urinary cells supported BK plaque formation using the protocol described in Fig. I . Cells infected near the end of their in vitro lifespan often did not produce plaques due to generalized cell death and lack of neutral red uptake. Monolayers survived to permit plaque detection in 6 of I4 independent lines initially studied. Subsequent experience indicated that even some young monolayers could not survive 3 weeks under agar. In such cases, earlier neutral red addition permitted plaque detection in 9 of I l cell lines which otherwise would have died.
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Fig. i. BK virus plaques on human urinary cell monolayers. The virus was a gift from Dr Kenneth K. Takemoto and had a titre of about IO 7 p.f.u./ml. Human urinary cell cultures were derived from newborn infant urine specimens as described (Felix et al r98o) . Confluent monolayers in 6 cm dishes were exposed to virus in 0-2 ml of minimal Eagle's medium (MEM, GIBCO), supplemented with glutamine, non-essential amino acids, penicillin (ioo units/ml), streptomycin 0oo/~g/ml), and 5 ~ foetal calf serum (FCS, Microbiological Associates). The dishes were maintained at 37 °C and rocked every 20 min to distribute the virus. After z h, 5 ml of MEM with 5 FCS (MEM-5) containing 0"9 % agar were added and incubation was continued at 37 °C. One week p.i., 2"5 ml of MEM-5 with 0"9 ~ agar were added; 2 weeks p.i., the same addition was made but supplemented with 0"0083 ~ neutral red. Plaques were observed as described in the text. (a) Heterogeneous plaques from stock virus; (b) small, early plaques of doubly plaque-purified virus with large areas of later coalescence. (Yang & Wu, 1978a) . Additional fragments in digestion of stock BK DNA are indicated by short, unlabelled, horizontal lines. Virus D N A was prepared by infecting Vero cells in IO cm dishes with I to z p.f.u./cell. After a 2 h adsorption period, the cells were maintained in MEM-5. Ten days after infection, the medium was changed to phosphate-free MEM with 3 % dialysed FCS and o' I mCi 32P-orthophosphate per dish. Three days later, virus D N A was extracted by the method of Hirt 0967) and incubated with RNase A. Covalently closed, circular D N A was isolated by CsCl-ethidium bromide equilibrium centrifugation as described for SV4o (Danna & Nathans, 1970 . Form I DNA was digested for 16 h at 37 °C with restriction endonucleases XbaI and HindlII, purchased from 13ethesda Research Laboratories, in the recommended buffers. Prior to electrophoresis on a 17 x 30 x o'I5 cm vertical slab gel (3"5 ~ polyacrylamide, 5 ~ cross-linking)the samples were made I ~ in SDS and incubated for 30 min at 37 °C-Next, I/2 vol. of 80 % sucrose, bromophenol blue (to 1%) and EDTA (to I mM) were added and the samples were heated to 70 °C for z min and then applied to the gel. Etectrophoresis was performed for I8 h at IOO V (35 mA). The gel was dried and exposed to Kodak XR-5 X-ray film for autoradiography as described (Danna et al. I973) .
line. T h e assays were always p e r f o r m e d in triplicate, h o w e v e r , with excellent a g r e e m e n t b e t w e e n c o m p a r a b l e dishes. U s i n g different lines o f u r i n a r y cells, titres for the infecting virus stock were consistently within the s a m e o r d e r o f m a g n i t u d e and, with only one exception, were within a f a c t o r o f two. T e n well-isolated p l a q u e s were aspirated into Pasteur pipettes and suspended in o'5 ml o f M E M -5. A i i q u o t s (o.I ml) o f these suspensions were p r o p a g a t e d in 1.6 c m wells o f confluent V e r o ceils. F o u r weeks p.i., the wells and their c o n t e n t s were frozen and t h a w e d three times; the resulting suspension was c o n s i d e r e d to be the p r o g e n y o f the original p l a q u e a n d was then p l a q u e d again in h u m a n u r i n a r y cells, plaque isolation and propagation. Plaques from the doubly purified virus are shown in Fig. ~ (b) . In comparison to those from the stock virus (Fig. I a) , which varied in initial size, these plaques all began as sharp, I mm foci which only later became enlarged with coalescence. DNA from the doubly plaqued virus was analysed by restriction endonuclease digestion and gel electrophoresis. Fig. z shows virus DNA restriction fragment profiles before and after plaquing. While the two Xbal fragments (A and B) are prominent in both preparations, the stock DNA contains at least eight lighter bands. Size estimates for these lighter bands show that they must represent cleavage products of more than one DNA molecule of BK size since their length corresponds to about 9 × ~o6 daltons of DNA. No intermediate bands are seen in DNA from the plaque-purified virus. Similar studies with the restriction endonuclease HaeIII showed no changes between the two DNA preparations. Presumably, HaeIII recognizes so many cleavage sites that the small amount of label in the low level contaminants is distributed over too many fragments to permit resolution. Comparison of the Form III (full-length linear) bands shows a population of shorter (more rapidly migrating) molecules in the stock virus preparation. These are not seen in the plaque-purified virus DNA and presumably represent precursors of at least some of the minor bands.
Our stock of BK virus had been purified in human embryonic kidney cells and similar preparations have been used for extensive restriction endonuclease and nucleotide sequence studies (Yang & Wu, 1978a , b, 1979 Dhar et al. t979; Freund et al. 1979) . While it is possible that low levels of contaminating particles would not confuse restriction endonuclease mapping, they might lead to some ambiguity in base sequence studies which could be eliminated by using purified virus.
Having a purifi.ed stock of BK virus will also be useful for determining the nature of the contaminants. If they arise spontaneously with passage, it should be possible to determine their structure and origin using methods similar to those reported for particles resembling SV4o isolated from a patient with progressive multifocal leukoencephalopathy (Martin et al. I974 )-On the other hand, if other distinct papovaviruses are.found in the human urinary tract, their delineation could be of pathophysiological interest. Since none of our plaques contained pure 'variant' DNA, the extra bands seen in Fig. 2 
